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Fig. 2 



rx 

CO 

rs 

m 
oo 

CO 



o. 

LU 




Rank Xerox (UK) Business Services 

13. tO/3.09/3.3.4) 



EP 0 685 737 A1 



BACKGROUND OF THE INVENTION 
1 . Reld of the Invention 



The present invention relates to a biosensor capable of rapidly quantifying a specific comr^nent in a 
sample, particularly a biological sample, with high accuracy in a simplified manner, and to a method for 



tho camfl 



2. Description of the Prior Art 



70 



Heretofore, as a system capable of rapidly quantifying the specific component in a sample "j^* 
high ^curacy, there has been known a biosensor (for instance, Japanese Laid-Open Patent Pubhcation No. 

Hei 3-202 764) which will be described below. 

. The disclosed conventional biosensor is configured by forming an electrode system composed of a 
measuring electrode and a counter electrode on an electrically insulating base plate, then formmg thereon a 
reaction Iyer comprising a hydrophilic polymer, an oxido-reductase and an electron acceptor, and 
SSL forming a hollow space constituting a sample supplying channel of the sensor by comb.nmg a 

cover and a spacer with the base plate. . 

When the sample solution containing a substrate to be quantified is contacted w,th an -nlet of the 
, sample supplying channel, the sample solution is rapidly introduced mto the reason layer due to a 
cSary phenomenon of the above-mentioned hollow space to dissolve the reaction tayer. Then the 
sub 2e is altowed to react with the enzyme contained in the reaction layer and the electoon acceptor s 
eduS Upon completion of the enzyme reaction, the reduced electron acceptor ,s electrochem.cally 
S to produce an oxidizing current, and based on the value of the oxidizing current obtaned w* th.s 
, oxidatL reaction, the concentration of the substrate contained in the sample solution can be detente d 

Further, the disclosed biosensor is produced by the steps of forming the electrode system on the base 
plate forming the reaction layer on the electrode system and combining the cover and the spacer wrth the 
baseplate, the electrode system and the reaction layer to form the hollow space. 

h to configuration of such prior art biosensor, the hollow space formed between the cover an I the 
o base plate is tubular-shaped, and therefore the supplied sample solution only contacts a part of the reaction 
layer E is substantially identical with an outer shape of the electrode system. Therefore an area occup,ed 
by" the region of the reaction layer actually dissolved in the sample solution can never b* J^cjjj* 
thereby to create a cause for deteriorating a sensor response-reproduc.bil.ty of the sensor. Further 
Zolg to a production method composed of forming the reaction layer by titrating a soj .on coning 
« the oxido-reductase on the electrode system and drying the titrated solution ,t ,s drff cult to form a 
homogeneous reaction layer because of overflowing of the solution outside the electrode system. 

SUMMARY OF THE INVENTION 

W The primary object of the present invention is to provide a biosensor that allows rapid and simplified 
quantification of a specific component contained in various biological samples w.th h.gh accuracy. 

tt fe another object of the present invention to provide a biosensor having a h.gh sensor response- 

reproducWIity ^ ^ ^ ^ ^ & ^ such biosensor ^ 

45 can form a homogeneous reaction layer in a simple operation. 
The present invention provides a biosensor comprising: 

an electrically insulating base plate, ■ 

an electrode system including a working electrode and a counter electrode wh.ch are provded on a 

principal face of the electrically insulating base plate, 
so a reaction layer including at least an oxido-reductase, and ^ rtr i r * nv 
an enclosure member having a hollow space constituting a sample supply.ng channel on the electncally 

insulating base plate, 

wherein substantially the whole part of the reaction layer is exposed to the hollow space. 
The present invention also provides a method lor producing a biosensor compns.ng the steps of. 
55 forming an electrode system including a working electrode and a counter electrode on an electncally 

^'pSS ^electrically insulating base plate so as to define a section wherein the electrode system 
is to be exposed by combining an enclosure member wrth the electrically .nsulating base plate, and 
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» teolallno base plate. " " TOl °" 9 eleclro *! "» » » elected, on u storm* 

» bnngurgacowrirao close contact v,ith the space, 

• CCr™ 1 • *" -Wsee an efee^ accept., 

« Further, the above-mentioned enclosure member Dreferahh, ™ m „ • 

o pP: n r which serves as . sample supplying - t^z^::^z^ z 

contact reaCMOn * «■*•-* *>™< Strode system in Cose 

.the Preceding, the invention, both as to 

thereof, from the following detailed desc^ptn an2 SmnT ? ^ l*" 9 ^ ° ,her ob ' ects «* features 
25 drawings. • P ,,0n and exam P ,e whe » taken in conjunction with the attached 

BRIEF DESCRIPTION OF THE DRAWm^p 

. - ijirssas i™" 9 ™ -— ■ - - » «*— i—i 

- "CUSS".*' " * *— » — ™ ' «*9 »» ~*. „ m 

, - ^ 9 ~- — 

gg^P-PggggiPIjPJ ^ THE EMBODIMENTS 

a ^*™ for producing the same in 

As described above, the Wo^T«JS^^ "* ? Wnce ,0 the attached d «wings. 
substantially the entire reaction layer is eSJ^t^? P ' nVent, '° n haS 3 co "«9<"ation wherein 
various components contained in ZZSS^^S? ^ ^ *" su ^ntial. y the whole of 
of .he sensor and its reproducibility c^^ST^^ST * ^ ,h8 ^ 

reaction ^T?^^ - P-* to form a homogeneous 

define the region occupied by'the ^LTX^TZT- fl*"* Mlin * base * 
and then, forming the reaction layer by B r a ,L a 22, £T~? to C '° Se COntact with «» base plate, 
region and drying the titrated JLjJZ^^Jl.^ ,he reaction •» *a defined 
const uting the reason layer in the ^Z^ZV^V ^ C °^ one " te 

- -^^^rSlSS " * to — e response 

neously and part<0 f the reaction l^^^S^T^ C T° MMa Ca " be fo ™* "o™oe- 
, a h bi r,r S ° r haVi " 9 3 hi9h "P<<^ S0 ' Uti0n Ca " * «* constant. As' a 

with J^^SrSJ~ — n wil, be described in more detail by way o, exa mp Ies 

emb^t isssi^^ a ™ r of a uo ~~ * ™ - - 

h F,G - 1 viewed - a - — sk? srcrs ri?rrr 
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purpose). 

The structure of this biosensor is as follows. 

An electrically insulating base plate 1 made of polyethylene terephthalate is provided with a pair of lead 
conductors 2 and 3 formed by printing a silver paste by a screen printing process. On the base plate 1, 

5 there are provided a working electrode 4 and a counter electrode 5, which constitute an electrode system 
formed by printing using an electrically conductive carbon paste including resin binder. After formation of 
the lead conductors 2 ana 3, an electrically insulating iayer 6 is formed using an electrically insulating 
paste. The electrically insulating layer 6 is provided in order to maintain a constant area (about 1 mm 2 ) of 
the exposed region of the working electrode 4 and partly cover the lead conductors 2 and 3. 

70 On the electrode system formed on the base plate 1, there is provided a reaction layer 7 which is in 
close contact with the electrode system. The detailed construction of the reaction layer will be described in 
the concrete examples below. 

An enclosure member 10 comprising a slotted spacer 8 and a cover 9 is adhered to the base plate 1 in 
a positional relationship as indicated by the single chain lines in FIG.2. The slotted spacer 8 and the cover 9 

75 define a hollow space on the electrically insulating base plate which constitutes a sample supplying channel 
12 which will be described later. 

ng oi Ivmm nt i iU.c, uio oiOnoO op'a^oi <j no*? on ciui i^aicu oiui i ■ vviii^ii tniriuvjtso all <i|j|jiuAif ncudy 

rectangular sample supplying inlet 1 1 a at its right end (in the figure) and an arcuate part 1 1 b. The inlet 1 1 a 

is an open end for the sample supplying channel 12. The arcuate part 11b is provided just over the 
20 electrode system and is shaped in conformity with an outer shape of the electrode system. The left or 

farthest part of the slot 1 1 lies just under an air vent 1 3 provided on the cover 9. 

Substantially the entire reaction layer 7 is exposed to the hollow space 12 defined by the spacer 8 

between the upper face of the base plate 1 and the cover 9. That is, substantially the entire reaction layer 7 

is placed in the arcuate part 11b of the rectangular slot 11 including the sample supplying inlet 11a of the 
25 sensor. It is therefore preferable that the diameter of the above-mentioned arcuate part 11 b is approximately 

equal to the diameter of the counter electrode 5 and that the reaction layer 7 is formed on the entire region 

in the arcuate part 11b. 

Conventionally, since the slot 11 has been formed straight, the reaction layer 7 is partially covered by 
the spacer 8. Consequently, it has been impossible to expose the entire surface of the reaction layer 7 to 

30 the sample supplying channel 12. If the width of the slot 11 is increased in order to expose the entire 
surface of the reaction layer 7 to the sample supplying channel 12, the sectional area of the sample 
supplying channel 12 is increased. As a result, it becomes difficult to introduce a sample solution to the 
reaction layer 7 only by bringing the sample solution into contact with the open end of the sample 
supplying channel 12 through the capillary phenomenon of the sample supplying channel 12. 

35 In the below-mentioned embodiments, the width "d" of the slot 11 is 2.0 mm, the diameter of the 
circular section including the arcuate part 11b is 3.8 mm, and the height "h n of the sample supplying 
channel 12, that is, the thickness of spacer 8, is 0.4 mm. Preferably, the sample supplying channel 12 
should have such sectional area, ie., d x h, that readily allows introduction of the sample solution to the 
reaction layer 7 by simply bringing the sample solution into contact with the open end of the sample 

40 supplying channel 12. 

In order to make the sensor in such a preferable configuration, it is advantageous to form the reaction 
layer 7 after the spacer 8 is combined with the base plate 1 , in the case that the reaction layer is formed by 
titrating a solution, particularly an aqueous solution containing a hydrophilic polymer, followed by drying the 
titrated solution. It is also possible to form the reaction layer 7 having a predetermined size at a 

45 predetermined position on the base plate and then combine the base plate with the enclosure member, by 
adequately adjusting the titrating amount and the viscosity of the solution for forming the reaction layer. 

Although the enclosure member 10 in the above-mentioned configuration is constituted with two 
components of the spacer 8 and the cover 9, another configuration may alternatively be adopted such that 
the enclosure member is formed by molding it in a combination of the spacer 8 with the cover 9 into a 

so unitary body for the sensor configured by employing the latter process of forming the reaction layer. 
Further, in some instances, the spacer may solely serve as the enclosure member. 

Example 1 (Fructose Sensor I) 

55 Rrst, an electrically insulating base plate 1 made of polyethylene terephthalate and provided with a pair 
of lead conductors 2 and 3, an electrode system composed of a working electrode 4 and a counter 
electrode 5, and an electrically insulating layer 6 was prepared. In this example, an area occupied by the 
region of the working electrode 4 to be exposed was about 1 mm 2 . 
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On the electrode system of the ba^ niat* i a nc . «»/ 
(hereinafter referred to as XMC») as , he hvdmohm ll S °' Ution of <*rboxymethyl cellulose 

layer. Subsequently, a reaction laver 7 wL t™2 ! FT "* ,,,rated and then dried *» a CMC 
mixed solution prepared by d^ 
5 referred to as "FDH") as the enzyme and33 ^JSZ^SS^ ^ ^ hereinafte ' 
of phosphoric acid-citric acid buffer solution^ 2M n£SS n Z Tl> ^ ^ 8leCtf0n acceptor in 1 «" 
CMC.by 0.5 wt%, and then drying theTratedlolu^^ Z * ' C3 * (OH >< COOH >3. PH = 5.0) containing 
case, the diameter of the oZ^puZ^rZlV ^ **" at 50 * C for 10 mi ™**- this 
conformity with the diameter bTliEEZ eltde ^ ^ ^ mm a " d a PP'°™a te .y in 

reaction layer 7 in a state of being partl7mixed STuTL ^ a " d ,hen into the 

subsequent drying process. Howeve^ s Le a^omlL, en2yme and »» components during the 
stirring during the process, a JT^iTffS 7 « ** ^ ^ because * *> 
» , system was brought about * CMC d " eC,,y covered the Wace of the electrode 

e^rm^^ - ■ P-in on the surface of the 

action of such substances having an oxidiino 2n TH? , SyS,em due to a c »*™cal 

enzyme, electron acceptor andlhe l.ke wire ™ L P° ta f um 'erricyanide and the like, because the 
« electrode system. As aLul, a ^^ZSZ^ttT** ° f *» 

process. ur ndV,ng a res P° n se of high accuracy was obtainable by this 

. ""sriti: rr 9 channei ^^^.si* e,inin9 a ho,tow space wwch 

sample ^S^,^^^^^ J* ^ ^e-mentioned manner. the 
9 and surrounded by the spacer ha ing th TJ^TJSIT- I Xhe tese p,a,e 1 and »» cover 

sample su Ppl ying channel, L samp ^ °' * ^"^ Phe ~" ° f < h * 
only by simply bringing the sample ^S^^^^^^"^ mt ° ,he part of the taction layer 
» of the sensor. Since me suppZn a m 0u m oTthTl* T SUPP ' y,n9 intet 11b °" the tip end 

space defined by the covered V^ ^ZSSS iFT °" ^ °' th * ho,,ow 
essary. Further, since the entire suria^ TL ^l^T! °' *" ^ SO,U,ion is ^ 

amount of the reaction .ayer is made «ZS * f ° <he h °"° W Space ' 1,16 diss °'*ed 

improved. Moreover. since'evaporTt o oHh T^'££!T*7 " ,h9 S6nSOr response «" * 

su PPI yin g ^ m^^slr^ h Ti , ^ was suppned throu9h * Sa ^ 

rapidly reached a par, which was imSSKSr he r ventTaTnr' T "* ^ S ° ,U,i ° n 
on the electrode system was dissolved therein C ° V6r 9 and ,he reactio " la ver 7 

' ^-^srasyj: ippS^t" t vo,taae o< + °- 5 v « - — - ^ 

seconds after the application was , J^S ^2 ^ 4> and the anodic ^^nt value 5 

^bXT? to ^ snrr r ,ruc,ose in <he - pte - 
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prepaU T a ^^ZZ* * •»* ' ^ a « electrode system was 
chain lines in FIG J?. ^ l ° the baSe P ' a,e ln a posi,i °" a « relationship indicated by the singte 

solu^r^ o, the base P ,a,e , a 0, v* % aqueous 

reaction layer 7 was formed £ «L k d the " dned ,0 ,orm a CMC layer Then a 

formed on the above-mentoned CMC layer by titrating 4 u, 0 , a J xed lotion 
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prepared by dissolving 1000 U of FDH as the enzyme and 33 mg of potassium ferricyanide as the electron 
acceptor in 1 ml of phosphoric acid-citric acid buffer solution (0.2M Na 2 HPC>4 - 0.1 M C 3 H*(OH)(COOH)3, 
pH = 5.0) containing CMC by 0.5 wt%, and thereafter drying the titrated solution in a warm-air dryer at 50 *C 
for 10 minutes. In this case, the diameter of the outer periphery of the reaction layer was about 3.6 mm 
5 which was approximately in conformity with the diameter of the counter electrode. 

After forming the reaction layer 7 in the above-mentioned manner, a cover 9 was adhered to the spacer 
tt in a positional reiauonsmp as inuiuaieu uy me omyio wiam unco m ■ iv*.*.. 

Different from the manner in Example 1, the spacer 8 and the cover 9 are adhered separately in this 
example. Although this makes the manufacturing process of the sensor slightly complicated, it is possible to 
io form a more homogeneous reaction layer 7, because the process ensures maintaining constant expansion 
of the reaction layer by the spacer 8. 

When 3 ul of fructose aqueous solution as the sample solution was supplied through the sample 
supplying inlet 11a of the fructose sensor produced in the above-mentioned manner, the sample solution 
rapidly reached a part which was immediately under the air vent 13, and the reaction layer 7 on the 
75 electrode system was dissolved therein. 

At a given time after the supply of the sample solution, a pulse voltage of +0.5 V on the basis of the 
voltage at the counter electrode 5 was applied to the working electrode 4. and the anodic current value 5 
seconds after the application was measured. Thereby a response current value, which was proportional to 
- the concentration of fructose contained in the sample solution, was obtained. 

20 

Example 3 (Fructose Sensor III) 

Since the sensor of this example is the same as that of Example 2 except for the composition of the 
reaction layer 7, an illustration will be made here only on the reaction layer 7. 
25 The spacer 8 was adhered to the base plate 1 on which the electrode system had already been printed 
in a positional relationship as indicated by the single chain lines in FIG.2 and in a manner similar to that in 
Example 2. Thereafter, the CMC layer was formed on. the above-mentioned electrode system of the base 
plate 1 , by titrating a 0.5 wt% aqueous solution of CMC and then drying the titrated solution. Then, a first 
layer was formed on the above-mentioned CMC layer by titrating 4 ul of a mixed solution. The mixed 
30 solution was prepared by dissolving 1000 U of FDH as the enzyme in 1 ml of phosphoric acid-citric acid 
buffer solution (0.2M NatjHPO* - 0.1 M C 3 H4(OH)(COOH)3, pH = 5.0) containing CMC by 0.5 wt%. Then, the 
titrated solution was dried in a warm-air dryer at 50' C for 10 minutes. Thereafter, a second layer was 
formed by titrating 4 ul of 0.5 wt% ethanol solution of polyvinyl pyrrolidone (hereinafter referred to as 
"PVP") as the hydrophilic polymer, followed by drying the titrated solution at room temperature. Subse- 
ts quently, a third layer was formed on the above-mentioned second layer by titrating 3 ul of a toluene 
dispersion, which was prepared by dispersing 190 mg of potassium ferricyanide as the electron acceptor in 
toluene containing egg-yolk lecithin by 1.0 wt%, followed by drying the titrated dispersion at room 
temperature. 

In this example, the reaction layer 7 is composed of the above-mentioned first, second and third layers. 
40 Also in this case, the diameter of the outer periphery of the reaction layer 7 was about 3.6 mm and 
approximately in conformity with the diameter of the counter electrode. 

The sensor of this example has the reaction layer 7 of a laminated structure composed of three layers 
and its manufacturing process is further complicated than that of Example 2. Since the first layer containing 
the enzyme is separated from the third layer containing the electron acceptor by the second layer 
45 containing the hydrophilic polymer, the enzyme is not in direct contact with the electron acceptor, and 
therefore, this configuration has an advantage that possible deterioration in the enzyme activity can 
effectively be prevented during a long-term storing. 

When 3 ul of fructose aqueous solution as the sample solution was supplied through the sample 
supplying inlet 11a of the fructose sensor produced in the above-mentioned manner, the sample solution 
so rapidly reached a part which was immediately under the air vent 13, and the reaction layer 7 on the 
electrode system was dissolved therein. 

At a given time* after the supply of the sample solution, a pulse voltage of +0.5 V on the basis of the 
voltage at the counter electrode 5 was applied to the working electrode 4 and the anodic current value 5 
seconds after the application was measured. The measurement gives a response current value which was 
55 proportional to the concentration of fructose contained in the sample solution. 
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Example 4 (Glucose Sensor I) 
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5 reaction layer 7. sample i except for some components in the 

*m by «Mng 4 u, of a mtart ZZSilf? Z '? • T l0n "* d 00 *" CMC 
«- J- , was alt 3-^^^ 

>^&XZ^^^££ .econ acceptor was titrated 0 n the CMC 
T5 of being mixed with the enSZlZ Z, S^T ^ "T"™ feac6m 7 in a 

process. However. ^TZ^n^S^"*^ **• ^ **> 
process, a state wherein only the CMcTJer Slw LZ JT ?™** P ' " 0 Stirri " 9 durin 9 the 
brought about. V d r6Ct,y COvered the surface °< electrode system was 

, JS»££^\£Z ™2 9 ^ adh6red t0 ^ ^ Pl3te 1 h a «ip as 

suppCg i "-eM^on^ W3S SUPP "" ed ■» -P'e 

rapidly reached a pa rt J£°£ ll ?S?3 ?" P* S ° * 

electrode system was dissolved therein eactl0n ,ayer 7 on the 

5 vo.Ca« 9 ;r c rn^ ;( +0 , v on me ^ of the 

measured 5 seconds after the aoo^Tt^n^ * *' the an0dic currem va,ue *«* 

«-"°thecon^ CUrrent Va ' Ue "** 

ferrocyanide by electrons^ l^^^tKoTT " ^ 

current of the resultant potassium ferrocvanido flnwpH 1! ,• Thereafter, an oxidation 

rir vaIue „ this p current _ s= - ^^^^zs:^! k 

c^b^p^^ l3yer fe 6XP0Sed * < h ° **• space 

having a tubular-shaped hollo^ sZ name* a o.ueot " ^ "*" * ^ S8nS0r of th ° «*» « 

the sample supp , yin P g channel ,7^2^ T£ SZ '4?^ * ^ 

obtained with these sensors are comoared in term. Z J ?, " Vanances In the responses 

summarized in Table 1 below T^erelTSin hi?™ t , C ° e, " Cient °' Variance and ,he ^ults are 
is illustrated in FIG.3. ^labonsh.p. between the glucose concentration and the response current 

respotset^ortsir ^IZ^ZT^J* ^ ~" " A " -** - 
a glucose conception of ^^^jSZ^T^^^ ^ " * 
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Table 1 



Concentration of 


A 


o 

D 


glucose (mg/ai) 


■ 






Response value(uA) 


DAcnnnca \io| 1 10/ 1 1 A\ 
nespOnoO VdlUc\|Ulr\/ 




rvuaffiriont nf variance 


Coefficient of variance 


0 


0.3 


u.o 




Q 1 


13.0 


11 


1 0.4 


u.o 




1 1Q 0 


8.9 


21 


0.7 


A "7 

u./ 




1 1 0 


76 


30 


1.1 


1 .U 




4.6 


5.2 


45 




1.4 




I 3.1 


3.1 


90 


I 3.1 


2.8 




I 2.3 


3.4 


176 


I 5.9 


5.7 




I 1- 3 


1.9 


353 


11.4 


10.1 




I 0.9 


1.4 



Example 5 (Glucose Sensor II) 

Since the sensor of this example is the same as that of Example 4 except for the composition of the 
reaction layer 7, an illustration will be made here only on the reaction layer 7. 

The spacer 8 was bonded to the base plate 1 on which the electrode system had already been printed 
in a positional relationship as indicated by the single chain lines in FIG.2 in a manner similar to that m 
Example 4. Thereafter, a piece of filter paper impregnated with GOD as the enzyme and potassium 
ferricyanide as the electron acceptor was placed on the above-mentioned electrode system. And then the 
cover 9 was adhered to the spacer 8 in the positional relationship as indicated by the single chain lines in . 
FIG.2 to complete the glucose sensor. In this case, the diameter of the outer periphery of the reaction layer 
7 was about 3.6 mm and approximately in conformity with the diameter of the counter electrode 5. 

Glucose aqueous solution of 3 ul as the sample solution was supplied through the sample supplying 
inlet 11 a of the glucose sensor produced in the above-mentioned manner. Then, the sample solution rapidly 
reached a part corresponding to the air vent 13, and the enzyme and the electron acceptor in the reaction 
layer 7 on the electrode system were dissolved therein. 

At a given time after the supply of the sample solution, a pulse voltage of +0.5 V on the basis of the 
voltage at the counter electrode 5 was applied to the working electrode 4, and the anodic current value 5 
seconds after the application of the pulse voltage was measured. The measurement gives a response 
current value which was proportional to the concentration of glucose contained in the sample solution. 

In Examples 4 and 5 just described above, the illustration has been made on the biosensors which 
employ the electron acceptor in the reaction layer, but it is also possible to configure a biosensor wh.ch 
does not employ the electron acceptor. That is, a technical advantage similar to those in the above- 
mentioned examples is obtained with a biosensor; wherein the electrode system is configured with platinum, 
gold or the tike, and the reaction layer containing only the enzyme, or that containing the enzyme and the 
hydrophilic polymer is formed on the electrode system. In such a biosensor, the substrate concentrate is 
determined based on the concentration of hydrogen peroxide produced as a result of the enzyme reaction, 
or the concentration of oxygen consumed by the enzyme reaction. 

In the above-mentioned examples, although the reaction layer is placed in close contact with the 
electrode system, the present invention is not limited to the biosensors configured by placing the reaction 
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* eddied in a Censor which 

between the cover and the reac7o„ ^r ' SyStem «» *• layer, or 

s exarn^^ "*? e,ectr0de •*-"» * the above-mentioned 

wherein the reaction layer SSlSl^ j?J3JS 2I ! ^2? ,I, ?^^* I,M, ^ ^ ^ COnfi 9 uratio " 
the entire reaction layer is eZsed to ^ the en ° l0SUre member «« substantially 

conformity with the eScSe sTstem ^ M 3 ^ ^ me ""«*» *V «• not in 

mentioned exampie, the present ^ * the above- 

wherein substantially the entire reaction layer is exoos^ to Zl' £1 * 3 con,i 9 ura «°n: 

bottom face of the above-mentioned holow J ??k SP3Ce ' 6Ve " in such case tha « 

in conformity with the outer shaped C^rZ "stem ^ * ** " SUbsta "« ial * 

enzyme system produced b ^ coS na Irn-L 9lucose ; 6 - phos P ha « e dehydrogenase, or another 
20 mentioned FDH. * 9 9 ' UC ° Se ' SOmerase w,th 9 |ucose «*ta» in place of the above- 

be o^*^ 

dehydrogenase as the enzyme ZoTjX whiT.ml 7 V * J"* "** ° MaSe 0r lactic 
which emp,oys cho.estero,^ sensor 
?5 , sucrose sensor which employs an enzvme w «t P m m I J!l * ? Ch em P ! °ys urease, or 

combination of fructose ^yl^Z^l^T " *"*" ** ^ « a 

Po-V^^^ - — as the hydropic 

technical advantage similar SZ^T^Jl^ T*?'" " 0t ' imited t0 ,his c °"«9"ation. A 

may be employed, alternatively reaction rate, p-benzoqumone or ferrocene 

rnenl*^ -*itu«es *• reaction ,ayer in the above- 

such as nitrocellulose or ce u 0S e *ace£,e ITtTZ, t0 I* B " d 30 inso,ubte 

porymer may also be .JTEJb^Z ca ° ? above -^ntioned hydrophilic 
Polymer which disso.es at ,east 2 £££ 3 — - - ^ophiiic 

the ^^tssa "Tattsr d : system comprisin9 ,he ™ M <* *"«" - 

employing a three-electrodf ylm which K^ST/ T"™"--* with higher accuracy by 
working electrode and the counter etectToT * eleCfr0de in . atkftton «° *e 

hi 9 h?e,!a b s i„^rr P ^ rr ,he present invenfon ' a . 

enUrety of wL -niZ^S^J!?^ *" * h °™9<™™ -action .ayer L 

According,^ i, is not ^^^SSl^^ f , ?» 3 " d s P irit °' «» mention, 
set forth herein, but rather that the cla^he ^ZZTZ ^ ° ^ ,0 ,he descri P« on 38 

novelty that reside in tlJ ^pmmi^L ^"f "^/f enC0mpassin 9 a » the of patentable 

^^•^^h^^ttisr ,hat wou,d be ,rea,ed 35 equiva,e " s 
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Claims 



1. A biosensor comprising: 

: ^zzsszzm — . - • — - ~* — - ^ - • 

principal face of said electrically insulating base plate, 

a reaction laver includina at least an oxido-reductase, and a 

an'enclosure member having a hollow space constituting a sample supp-ymg «■ — 

electrically insulating base plate, 

wherein substantially the whole part of said reaction layer ,s exposed to sa.d hollow space. 

2. The biosensor in accordance with claim 1 , wherein said reaction layer comprises an electron acceptor. 

3. The biosensor in accordance with claim 1 or 2, wherein said reaction layer further comprises a 
75 hydrophilic polymer. 

4. The biosensor in accordance with clam 1 or 2, wherein ^J^^ ^SZiZZ 
having a slot with an open end which serves as a sample supp.y... a - - -P 

plate laminated with said spacer. 

20 5 The biosensor in accordance with claim 1 or 2, wherein a part of the bottom of said hollow space which 
TJSZiaL system is substantially in conformity with an outer shape of sa,d electrode system. 

6. The biosensor in accordance with claim 1 or 2, wherein said reaction layer comprises a carrier for 

25 carrying at least said oxido-reductase. 

7. The biosensor in accordance with claim 1 or 2. wherein said reaction layer is formed on said electrode 
system in close contact with said electrode system. 

M a The biosensor in accordance with claim 4. wherein said spacer has an ^Jfj^*^ 
over said electrode system and is shaped in conformity with an outer shape of sa,d electrode system. 

9 - ^Xr^^^^X^ - a counter electrode on an 

" ^^^^^ base plate so as to def.ne a 

systeTiTto be exposed by combining an enclosure member with sa.d electncally madam* base 

P ' a,e for a rntg a reaction layer including at least an oxido-reductase in said section defined in the 

40 previous step. 

10 A method for producing a biosensor comprising the steps of: nn a n 

Sng an electee system including a working electrode and a counter electrode on an 



45 



50 



55 



^^^^ base plate so as to define a 

system is to be exposed by bringing a spacer into Cose contact with sa.d electncally .nsulafng base 

forming a reaction layer including at least an oxido-reductase in said section defined in the 

previous step, and 

bringing a cover into close contact with said spacer. 

system is to to exposed by bringing a spacer into dose contact with sa,d electncally .nsulafng base 
forming a reaction byer comprising a carrier carrying at least an oxido-reductase in said section 
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defined in the previous step, and 

bringing a cover into close contact with said spacer. 



14. The method for producing a biosensor in accordance with claim 9 or in . . 

said reaction layer comDrises forming a ra ^ t , 7 9 or 10, wherein said step of forming 

reductase and an elecZrceotor 9 ^ ***** * Mr ° phi,ic a " 



15. The method for producing a biosensor in accordance with claim 11 wherein said «, ■ ■ 
electron acceptor. ' ,, wnere|r > saia carrier carries an 

16. The method for producing a biosensor in accordance with claim 10 or 11 -m 

slot with an open end which serves as a sample su PP ,yi n g !,s I end " d ^ ^ a 

17. The method for producing a biosensor in accordance with claim 16 wherein sairt ,n»™, k, 

part which is provided over said filPrtmHo OU o*^ ^ u wner em said spacer has an arcuate 
said electrode system V ^ ^ ' S Shaped in conformit y wilh outer shape of 
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